Introduction
E3s is emphasized by the recognition of tumor-suppressor molecules among their protein targets. 13 The E3 ubiquitin ligase Itch or atrophin-1-interacting protein 4 (AIP4, here, after referred to as Itch; UniProtKB accession number Q96J02) is a member of the NEDD4 family of E3 ligases. Itch plays a key role in different cellular contexts and contributes to many cellular processes by targeting regulators of multiple signaling pathways. 14 Itch-null mice develop systemic and progressive immunological disorders. 15 Itch catalyzes the poly-and monoubiquitination of important globular and membrane proteins such as Melan-A, ErbB4, CXC-chemokine receptor 4 and LAPTM5, regulating transport of intracellular vesicles to lysosome, 2, [16] [17] [18] and transcription factors as c-Jun, JunB, p73, p63 and LATS 1, which Downloaded by [Univ di Roma Tor Vergata] at 02: 19 23 November 2015 folded structure of the entire domain. 27 The WW2 domain of Itch E3 has been shown to bind both p73 and p63 28, 29 by interaction with the PPxY motif present in the C-terminal region of these transcription factors. 30 Indeed, the in vitro interaction between the p63 region of residues 534-551 (named pep63), encompassing the PPxY motif and WW2 domain of Itch, suggested a potential modulation effect of the downstream region to the PPxY motif on the Itch-p63 interaction. Accordingly, an extended PPxY consensus motif [P-P-P-Y-X(4)-(ST)-(ILV)] has been suggested to modulate the affinity and specificity of the interaction of p63 with Itch. 30 In order to further investigate the influence of the individual residues in the recognition mechanism between Itch and p63, we have performed a structural analysis by NMR spectroscopy of the complex and identified the residues of Itch-WW2 domain involved in the interaction with the proline-rich domain of p63. Here, the NMR assignment of the Itch-WW2 backbone and the binding with a cyclic form of pep63 are indicated, demonstrating that more stable complexes can be obtained using the cyclic form of the pep63. The metal-binding ability of both forms of pep63 has also been investigated, demonstrating the ability of are crucial to determine cellular fate. 14, [19] [20] [21] [22] [23] Itch is a monomeric protein with a modular structural organization that consists of an N-terminal Ca 2+ -dependent phospholipid-binding C2 domain and 2-4 WW domains, which confer substrate specificity. 14, 24 The protein-protein recognition is a crucial event in the ubiquitination by the E3 ligases and it is determined by recognition of the WW domains with a specific proline-rich region of the targets. The WW domains are small stable proteins whose topology consists of a slightly curved, three-stranded β-sheet, comprising about 35 amino acids, including conserved tryptophan residues and proline-containing sequences that mediate the recognition mechanism. 25, 26 According to their ligand binding preferences, the WW domains have been grouped into four classes, Itch has group I WW domains, specifically interacting with the PPxY motif, a proline-rich consensus sequence. Generally, the first tryptophan residue of this type of WW domain, in conjunction with an externally exposed tyrosine residue, forms a concave hydrophobic binding surface for the first two proline residues of the PPxY motif. The hydrophobic buckle formed by these two prolines stack against the W and Y residue, which likely contributes to maintain a more stable Hβ frequencies, and the spin system was completed using the HCCH-TOCSY experiment and CC(CO) NNH and HCC(CO)NNH. Side-chain NH2 frequencies of asparagines and glutamine residues were assigned from the 3D 15 Figure 1B shows the 1 H- 13 C α region of the 1 H-13 C HSQC with the relative assignments; only the N-terminal Gly, the Pro-12 and the Arg 39 are missing in this spectra. The secondary structure was predicted using the 13 C-chemical shift index (CSI).
33 Figure 1C shows the 13 C chemical shift deviations from the consensus CSI values for Itch-WW2; the lower panels report the predicted secondary structure. The data confirm a canonical structure for the Itch-WW2 domain, which encompasses an antiparallel three-stranded-β-sheet. The residue Arg39, is positioned right after the end of the third strand of the β-sheet, in a position thus that could result in some conformational averaging, potentially explaining the broad signals detected experimentally as several resonances broadened beyond detection. The sequence-specific 1 H, 13 C and 15 N resonance assignments for the metal-complexes to induce an oxidative damage to the WW2 domain. Since Itch regulates p63 functions, cyclic pep63 may represent a potential therapeutic pharmacological target. Taken together, our results open the way to obtain more stable complexes of Itch with its recognition target sites, in order to perform the structure of the complexes in solution, and to design potential selective competitive inhibitors of the E3 ligase activity of the recognition mechanism.
Results

Assignment of ITCH-WW2 domain by NMR spectroscopy.
From previous interaction studies, 30 we expressed the recombinant 15 N- 13 C-uniformely-labeled-Itch-WW2 domain and performed the backbone assignment of the Itch-WW2 domain, corresponding to region from D417 to E460 residues of the human Itch protein. Figure 1A shows the 1 H- 15 N HSQC spectrum with all the amide groups assigned; a total of 42 signals are labeled in the spectrum due to the presence of six prolines at the residue N-terminal of the protein, and 94% of the residues (46 out of 49) was assigned. Sequential backbone assignment was obtained using the "building blocks strategy," 31,32 the Hβ frequencies were assigned from the corresponding HBHANH and proteolysis, probably due to a reduced accessibility of the recognition sites to the protease, in addition to the presence of proline residues. Indeed, only 5.4% of digestion was detected, comparing the area of the undigested peak after 15 min and overnight (Fig. 3) . Interaction of Itch-WW2 with pep63 OX by fluorescence and NMR spectroscopy. The interaction between Itch-WW2 and both of pep63 forms was evaluated by the quenching of the intrinsic fluorescence of Itch-WW2 after addition of the peptides in the solution. The apparent K d values, obtained by the curve fitting analyses, were 47.7 ± 0.2 μM and 13.5 ± 0.8 μM for pep63 and pep63 OX , respectively (Figure 4 ). The cyclic peptide shows a higher affinity for the Itch-WW2 compared with the linear peptide.
The interaction was also investigated by NMR spectroscopy, and Figure 5A shows the HSQC titration of Itch-WW2 domain with pep63 OX . The spectra show that the NH resonances of Itch-WW2 domain affected by the binding to the cyclic-form are the same of those detected in the binding to the linearform of the peptide. The assignment of the free domain using the 15 N-13 C-labeled Itch-WW2 domain allowed the identification of the WW2 residues involved in the binding with the two forms of the peptide ( Fig. 5A and B). The identical amino acid residues of Itch-WW2 domain are involved in the binding of both forms of the peptide, however, with relevant differences in the exchange regime ( Fig. 5C  and D) . In fact, most of the residues affected by the binding for the cyclic form are in slow-exchange regime (Fig. 5C) . In both interactions the residues of the C-and N-terminal regions of the domain are not affected by the binding. Table 1 summarizes the residues involved, with their respective exchange regimes. In particular, while R18 and the residues from T32 to W37 show a slow exchange regime in both complexes, the residues L11, E16, D20, R24, Y26, Y27, H30, Q38, T41 and V45 change their exchange regime from fast to slow in case the WW2-pep63 OX . The slowexchange regime indicates that the resident lifetime of the bound form is increased with respect of the open form, revealing a higher affinity between Itch-WW2 and pep63 OX and the formation of more stable complexes.
Metal binding of pep63 and oxidative damage to Itch-WW2 domain. Pep63 is characterized by the presence of a histidine residue in third position forming a characteristic metal binding motif, the ATCUN motif, which binds metal ions such as Cu 2+ and Ni
2+
. 37, 38 In order to assess the formation of the ATCUN-Cu 2+ complex, we performed spectroscopic studies. Cyclization and characterization of pep63. Peptide cyclization is often used to synthesize conformationally stable molecules, with limited flexibility when compared with their natural counterpart. Moreover, cyclic peptides are of considerable interest for several reasons, such as their resistant to proteolysis and degradation. In fact, cyclization affects metabolic stability, bioavailability and pharmacokinetics. 34 Oxidation in solution needs to be performed at high dilution, typically at 10-l00 μM, in order to avoid aggregation and intermolecular side reactions; accordingly, the oxidation of pep63 was performed at 100 μM in 25 mM TrisHCl, pH 8.0, buffer for 48 h at 25°C. The oxidation reaction was monitored according to Ellman's method ( Fig. 2A) . 35, 36 The major hydrophobicity in RP-HPLC of the pep63 OX (RT 21.5 min), as compared with pep63 (RT 19.7 min), is in agreement with the formation of disulfide bonds (Fig. 2C) . LC/ ESI-MS analysis of pep63 OX gives a m/z of 945. 4 [M+2H] 2+ , further confirming the intramolecular formation of disulfide bond. The pep63 CD spectrum shows a significant negative band at 202/204 nm characteristic ofa polyproline II (PPII) conformation. Comparing the CD spectra of two linear and cyclic forms of pep63, a small shift of the dichroic band vs. β-strand conformation of the oxidized form is detectable (Fig. 2B) , probably due to the rearrangement of the poly-proline helix in the cyclic form. The biological stability of the peptide was also investigated by resistance to the proteolysis using chymotrypsin in E/S ratio 1:100 (w/w). The reaction products were analyzed by RP-HPLC (Fig. 3) ; the cyclic form pep63 OX reveals a high resistance to the complex is different from that with the metal ions alone. The same experiment performed using Cu 2+ -pep63 OX complex showed only a reduction of the intensity of the band corresponding to the WW2-Itch domain (Fig. 7B) suggesting a possible fragmentation of the WW domain. In agreement to this hypothesis, the RP-HPLC analysis of the products after the reaction showed an increase of hydrophilic peaks concurrently to the reduction of the peak corresponding to the WW domain (Fig. 8) .
Discussion
The studies presented here shed light on the molecular determinants of the key WW-ligand interactions. Itch-WW2 shows a canonical structure of the WW domain in solution, with its antiparallel three-stranded-β-sheet. The NMR assignment reported here represents a key step to assess the relevant residues and the conformational changes due to the molecular recognition mechanism of Itch with protein substrates. Titrating with increasing amounts of linear peptide, we detected distinct changes in the HSQC spectrum of WW domain. That is, we report resonance shifts, signal decrease or broadening and new signals, appearance, denoting a mixture of signal regimes respectively fast, intermediate and slow exchanging; all these characteristics well fit with a picture of a complex lifetime in the few ms timescale (< 4 ms). 30 At atomic level description, the residues R18, T32, R33, T34, T35, T36, W37 are in slow exchange regime in the WW2-pep63 complexes, and the residues present in the third β strand seem to be predominantly involved in the binding of the peptide. Notable changes are induced by the interaction with the same peptide after cyclization, ten signals of Itch-WW2 domain change their exchange regime from fast to slow. The third strand signals exchange regime is invariant, while both the second and the first strands are involved in the change of regime from fast or intermediate to slow. These stable ATCUN-Cu 2+ -peptide complex in agreement with previous studies. 37, 38 Previously, specific Ni/Cu-ATCUN complexes have been shown to inhibit enzyme activity by inducing modification of the active site residues by reactive oxygen species cross-linking or cleavage. 39, 40 In fact, several amino acid residues are susceptible to metal catalyzed oxidation. 39, 41 We have investigated the effects of both metal-peptide complexes on the Itch-WW2 domain. Figure  7 shows the SDS-PAGE of Itch-WW2 domain after incubation in the presence of either pep63 or pep63 OX following the addition of ascorbic acid. A 25 kDa molecular weight band is detectable (Fig. 7A) after 30 min of incubation of Itch-WW2 in the presence of Cu 2+ -pep63 at 37°C, presumably for the formation of crosslinks catalyzed by the formation of radical oxygen species during the reaction. Furthermore, the densitometry of the protein bands shows a 50% reduction of the WW2 band. By contrast, following 30 min incubation of Itch-WW2 in presence of CuCl 2 and ascorbic acid, the higher molecular weight band is not visible; only after 1 h do we observe an initial formation of a new band corresponding to a dimeric form of Itch-WW2 (Fig. 7A) , indicating that the damage on the Itch-WW2 due to the metal-peptide Nδ1 atom of H30 in the Itch-WW2 domain might be improved by the cyclization of the pep63 stabilizing the complex. Thus, the cyclization may also be advantageous for allowing the PPxY peptides to attain a close molecular fit within the hydrophobic grooves of the WW domains. A less flexible conformation of the PPxY peptide, achievable by cyclization, could also result in a lower entropic penalty upon binding to the WW domain. Hence, the overall free energy of WW-pep63 interaction could be favored by a reduction in the entropic penalty. The above data are in agreement with recent thermodynamic studies that suggested strongly that non-consensus residues within and flanking the PPxY peptides are important for stabilizing the peptide conformation, and that peptides with distinct conformations are optimally suited for binding to WW domains. 46 The balance among rigidity and flexibility of both WW domains and protein targets might also be an in vivo critical factor in this molecular recognition mechanism. Accordingly, the WW-ligand interactions are usually studied in vitro using short, proline-rich peptides, and the relatively low affinities observed (in 10 to 100 μM) are generally characteristic of several similar data strongly suggest that the interaction of the domain with the cyclic form of the peptide results in a more stable complex with a longer lifetime than that resulting from the interaction with the linear form of pep63. This observation, from the signals point of view, is strongly backed up further by the 4-fold decrease in K d of the interaction as measured in the fluorescence studies. Thus, the data presented here show unequivocally that pep63 is able to form a more stable complex when in cyclic form. It is notable that the residues Y26, V28, H30 and W37 seem to form a hydrophobic groove within Itch-WW2 domain. These residues are highly conserved across the family of WW domains that recognize PPxY ligands, [42] [43] [44] [45] [46] such as in the four WW domains of Itch, except for the substitution of the W with Y residue in the WW4 domain. In binding with cyclic form of pep63, the exchanging regime of two of these residues, Y26 and H30, change from fast to slow, indicating the formation of a less shaky complex induced by a more stable conformation of the peptide. Similarly, as described for Yap2-WBP2 complex, 46 in the WW2-pep63 OX complex, the formation of a hydrogen bond between Hη phenolic hydrogen of Y within the PPxY motif and suggest the possibility of using pep63, and in the particular the cyclic form, as a model for the design of metal-drug inhibitor of Itch-recognition mechanism. Our future efforts will focus on unraveling the effects of the metal-pep63 OX complex on the ubiquitilation of p63 and p73 in cell.
In conclusion, the above data provide a suggestion for a novel strategy for studying the WW-p63 interaction and, more generally, the key WW-ligand mechanism, with a potential use of the cyclic PPxY-containing peptide as a model for the inhibition of the recognition mechanism of HECT-E3-ligase.
Materials and Methods
Peptide synthesis. Synthetic peptides were purchased from Spectra 2000. Analysis of the synthetic peptides by reverse phase high-performance chromatography (RP-HPLC) and mass spectrometry revealed a purity > 98%. The two sequences of the peptides had the following sequences: 18-mer pep63 NH 2 -TSH CTP PPP YPT DCS IVS-CONH 2 (1901.15 m/z).
Circular dichroism. CD measurements were performed using a Jasco 710 spectropolarimeter (Jasco) equipped with a thermal controller calibrated with camphor-sulfonic acid. Far-UV CD experiments were performed to explore the conformation of the peptides and of Itch-WW domain. CD spectra interactions. 25, [46] [47] [48] [49] [50] The low affinity in many cases limited the possibility to obtain a highresolution structure of the complex by NMR spectroscopy. Our results show the possibility that an increase of the stability of the complex in the solution may induce a major conformation stability of the fragment, probably improving the mimicking of the local structure of the protein by using a cyclic form of the PPxY peptide. Such optimized cyclic forms of PPxY peptides could represent a good model to study the determinants of the molecular recognition mechanism WW ligand. This cyclization strategy could also be used to optimize protein microarrays for analyzing the molecular determinants relevant in this key interaction. Furthermore, the S-S cyclization of pep63 leads also to the proteases' resistance. This feature can likely be attributed to a reduction in backbone flexibility of the peptide. Generally, in fact, potential cleavage sites within a protein are more susceptible to attack by proteases if they are located in flexible regions of the backbone. 51 The cysteine residues in the pep63 peptide are present in native p63 protein. Although cyclization of the pep63 backbone provides an excellent protection from proteolytic attacks while increasing the interaction with the WW domain, this strategy cannot be directly applied to other WW-ligand interactions. Indeed, for each individual case, it is necessary to select a specific size of the linker in order to span the appropriate distance between the N and C termini of the ligand.
This optimization the WW-ligand interaction opens the way to the identification of novel potentially selective inhibitors of this molecular interaction. Protein-protein interactions play a key role in every biological process and represent a promising new class of biological drug targets. 52, 53 The modulation of the E3 ligase-protein (namely Itch-p63) interactions could allow the development of innovative molecules able to modulate cellular functions, with potential therapeutic effects. In our study, the possibility to use the peptides to inhibit the p63-Itch recognition mechanism has been investigated. To this purpose, we evaluated the metal-binding ability of pep63, which presents a histidine residue in the third position; thus, at the N terminus of this peptide is present an N-terminal Cu 2+ -and Ni 2+ -binding motif. 37, 38 The ATCUN motif has a well-defined structure of coordinated ligands around the metal center and is an optimal center for the design synthetic metal drugs. ATCUN metal peptides complexes have been studied for their ability to induce localized oxidative damage to nucleic acids or proteins, generating not diffusible radical species, 39, 41, 54 and, for this property, their potential application in biotechnological and pharmaceutical field has been proposed. [55] [56] [57] The biological effects that we describe here for both forms of the pep63 on the WW domain of peptide provides a titration curve. The ΔF was plotted vs. molar equivalent of peptide, and the following equation was used for generating a Scatchard plot from which binding constants were determined Δf = nK[peptide] ΔF complex / (1+K[peptide]) ΔF was the observed fluorescence changing after addition of peptide. Fluorescence was measured at the chemical equilibrium at the earliest 2 min after addition of the peptide. The results were plotted using GRAPHPAD PRISM v. 4.0 for Windows (GraphPad Software; www.graphpad.com). Expression of the uniformly isotope labeled Itch-WW2 domain. The GSTItch-WW2 was overexpressed using E. coli BL21 strain in LB medium containing 100 μg/ml ampicillin. Cells were grown at 37°C, and the induction of the expression of the protein was performed by addition of 1 mM IPTG. Cells were grown at 37°C for a further 4 h, collected by centrifugation and after disrupted by sonication. The GST-Itch-WW2 was purified using a GST-Trap FF column (5 ml, GE-Amersham) equilibrated with 100 mM Tris-HCl, pH 7.5, 0.3 M NaCl buffer at 1.0 ml/min and was eluted using 50 mM Tris-HCl, pH 8.0, 10 mM GSH buffer. The Itch-WW2 domain was cleaved from the GST using the PreScission Protease (GE-Amersham). The uniformly isotopically labeled 15 N-13 C-GST-Itch-WW2 for NMR spectroscopy was generated in BL21 E. coli strain using the protocol for isotope labeling described by Marley et al., 58 the culture was grown at 37°C in the presence of ( 15 N)-NH 4 Cl and ( 13 C)-glucose as the sole nitrogen and carbon sources, respectively. The induction of the expression of the protein was performed by addition of 1mM IPTG. The U-15 N-13 C-GST-Itch-WW2 was purified using GST-Trap FF column (5 ml, GE-Amersham) equilibrated with 100 mM Tris-HCl, pH 7.5, 0.3 M NaCl buffer at 1.0 ml/min and was eluted using 50 mM Tris-HCl, pH 8.0, 0.3 M NaCl and 10 mM GSH buffer. The Itch-WW2 domain was cleaved from the GST using the PreScission Protease (GE-Amersham). The expression-purification procedure resulted in a 16 mg/L yield. The purified protein was concentrated and dialyzed with 10 mM phosphate buffer, pH 6.0, 50 mM KCl. The incorporation rate for 15 N and 13 C were estimated by NMR to be ~90%.
NMR spectroscopy. 15 N-13 C-Itch-WW2 was prepared for NMR experiments at 600 μM in 10 mM pH 6.0, 50 mM KCl and 95/5% H 2 O/D 2 O using 250 μl of sample in Shigemi microtubes (Shigemi Inc.). All the NMR experiments were performed using a three channel 700 MHz Bruker AVANCE instrument equipped with a triple resonance probe. For the assignment of backbone 1 H, 13 were obtained between 200 and 250 nm using a path-length of 0.1 cm, 1.0 sec time constant, 2 nm bandwidth, 2 nm/min scan rate and at 20 or 50 mdeg of sensitivity. Each spectrum was averaged over four scans and subjected to smoothing following subtraction of the buffer background. The measured ellipticity data were converted to mean molar ellipticity per residue [(θ), deg x cm 2 × dmol -1 ]. Cyclization of the pep63. The cyclic form of pep63 was obtained by disulfide bond formation incubating the peptide in 50 mM Tris-HCl, pH 8.0, buffer in presence of oxygen for 48 h at 25°C. The oxidation reaction was monitored by estimation of free thiol groups according to the method described by Ellman et al. 35, 36 Briefly, the sample was added to the working solution: 100 μM of Ellman's reagent 5,5'-dithiobis-2-nitrobenzoic acid (DNTB), which was previously solubilized in 50 mM sodium acetate solution, in 1M Tris-HCl, pH 8.0, buffer. The reaction between DTNB and thiols groups gave the mixed disulfide and 2-nitro-5-thiobenzoic acid (TNB), which was quantified by monitoring of the absorbance of TNB anion at 412 nm. The oxidized form was then analyzed by LC/ESI-MS spectroscopy (C4T).
Fluorescence ivnteraction studies. The interaction of Itch-WW2 with pep63 peptides was monitored by quenching of the emission band of Itch-WW2 excited at 280 nm using an λ ex and λ em slit of 5 nm in 10 mM phosphate buffer, pH 6.0, buffer, 100 mM NaCl at 37°C. Binding constants were determined by fitting the titration curve of fluorescence changes vs. equivalents were recorded. For side chain resonance assignment, 2D 1 H-13 C HSQC, 3D 13 C-edited-NOESY-HSQC, HCCH-TOCSY, CC(CO)NNH and HCC(CO)NNH spectra were recorded. All NMR spectra were recorded at 298 K, processed using NMRPipe 61 and analyzed using the program NMRViewJ (OneMoon Scientific Inc.).
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Spectroscopic characterization of the itch-WW2-pep63 binding. The NMR experiments were performed using 250 μl of sample in Shigemi microtubes. Itch-WW2 domain as well as peptide pep63 were dissolved in 10 mM phosphate buffer, 50 mM KCl, 1 mM tris(2-carboxyethyl)-phosphine (TCEP), pH 6.0. Titrations of the Itch-WW2 domain were conducted twice at 12°C and followed using two different techniques. In the first, a sample of Itch-WW2 at 250 μM was titrated by addition of small aliquots of a 5 mM pep63 or pep63 OX solution dissolved in the same buffer. Itch-WW2 uniformly 15 N-labeled was used. The titrations were repeated following all the WW2 domain amide region with 2D 1 H- 15 N HSQC experiments using a pulse sequence with water flip back selective pulses to avoid water saturation. For these experiments small aliquots of the peptide were added stepwise using a 50 mM stock solution of the pep63 or pep63 OX dissolved in the same buffer. All the NMR experiments were performed using a 600 MHz Bruker AVANCE instrument equipped with a z-gradient triple resonance proton cry-probe. The NMR spectra were processed and analyzed with an Octane Silicon Graphics workstation operating under Irix 6.5, using NMRPipe 61 and NMRView J 6.2.2 (One Moon Scientific Inc., 2009).
Proteolysis resistance Chymotripsin digestion was performed using a 1:100 E:S (w/w) in 50 mM Tris-HCl, pH 8.04, the reaction mixture was incubated at 37°C for the indicated times and then stopped by addition of 0.1% TFA solution, vortex and freezing. Before the RP-HPLC analysis, 10 mM DTT was added at the samples in order to have a reduction of the disulfide bond of the pep63 OX and, potentially, the separation of the fragments. The samples were analyzed using RP-HPLC system chromatography (mod. LC-10AVP Shimadzu equipment) with an solvent B gradient (0-5 min, 0%; 5-25 min, 15%; 25-27 min, 15% and 27-30 min 90%), using 0.1% TFA as solvent A and 80% CH3CN, 0.1% TFA as solvent B and a Brouwnlee C-18 column (OD-300, 250x4.6mm, 7 μm). The eluted was monitored at 220 nm by UV detector (Shimadzu). The same conditions of analysis was also used to analyze the WW domain after oxidative damage using the metal-pep63 OX complex.
Spectrophotometric metal binding characterization. The peptides were dissolved in water to a concentration of 0.5 mM CuCl 2 was added in a 1:1 molar ratio with the peptides. The pH of the solution was decreased or raised using 0.1 M HCl or 0.2 M NaOH respectively, and the solutions were equilibrated at each pH before the spectrophotometric measurements. The visible spectra of the peptide-metal complexes were acquired on PerkinElmer Lambda-Bio 20 double-beam spectrophotometer using a 1 cm path length quartz cells at 25°C.
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